We describe the modelling and fabrication of waveguide grating couplers with out-
Consider a typical triangular-profile blazed grating as shown in figure 1, which has period A, depth dg, and slope angle e. The leakage rate, (generally given in units of cm") effectively is the rate at which the energy is coupled out of the guide and thus, it determines the out-coupled beam size. Although o_ depends on various waveguide parameters, it is most strongly dependent on do, and in fact, saturates beyond a certain dr The branching ratio typically is a single-maximum function of e, with the maximum branching ratio generally occurring for e=40o-60°. The problem arises when the device designer needs to choose an unsaturated value for o¢. In this case, once ¢¢is chosen, d_ becomes fixed. However, the do needed to give the desired (x likely is not the same d_ required to give the optimal e (and thus the optimal branching ratio). Thus, the interdependence of (z, d=, e, and the branching ratio results in a loss of design flexibility.
Moreover, note that (from fig. 1 For the remainder of this paper, when the term "branching ratio" is used, it is implied that we mean the branching ratio into the cladding (air) region.
To reduce effective losses during output coupling, it is highly desirable to have most or all of the incident energy diffracted into a single leakage-channel.
The following section describes a device, which we will refer to as a Single Leakage-Channel Grating
Coupler, or SLCGC, to accomplish such a task.
III. SLCGC Principle of Operation
The objective of the SLCGC structure shown in Figure 3 The design concept allows for independent control of both the leakage rate (which is strongly dependent on grating depth) and thus of out-coupled beam size, and the branching ratio.
2_
Because the branching ratio is insensitive to the grating parameters, the design concept also should work with variable groove depth and chirped (variable groove spacing) gratings. As a result, high branching ratios can be engineered into grating devices which also possess beam-shaping and focussing capabilities. Each sol-gel layer was baked at 500°C for 30 rain. Using these materials and buffer
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layer thicknesses above -0.42 _m, the loss of the TE 4 mode was 2.0 dB/cm at k=0.5145 
where Iu and I== are the currents generated in the photodiode by the out-coupled light. As the number of stack layers increases, the branching ratio becomes independent of the buffer layer thickness over a broad range. These modelling results indicate that fabrication tolerances on the layer and grating components of the SLCGC are quite broad.
They also indicate that the SLCGC design concept can be applied to more sophisticated grating applications including focussing and beam-shaping elements.
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